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Abstract: The photosynthetic carbon assimilation pathways are not the same for all 
plants; they show great inventiveness through their adaptations to low CO2 concentrations, high 
O2, water stress, but also to different temperatures in the environments in which they live. From 
this point of view there are 3 photosynthetic cycles in plants: C3, C4 and CAM. 
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INTRODUCTION 
 
The C3 photosynthetic cycle is specific for bacteria, algae, lichens and moss, 
being also characteristic of superior plants: wheat, barley, rice, legumes, tobacco and 
sugar beet. Type C4 species generally populate subtropical or tropical regions. It is 
known that the diversity of C4 type plants in the plant world is amazing. CAM plants 
grow in hot regions and deserts, being adapted to conditions with severe water regime 
and very high external temperature. In such a context, the gaseous exchanges of the 
plant are very small, and their essential feature is related to drought resistance. 
 
CYTOLOGICAL, BIOCHEMICAL AND PHYSIOLOGICAL ASPECTS OF 
TYPE PLANTS C3 
The research carried out by Professor M. Calvin together with his 
collaborators, Bassham and Benson, on the carbon path in photosynthesis, led to the 
identification of the reactions that take place in the dark phase of this physiological 
process. Plants that perform photosynthesis according to the model described by these 
researchers are named C3 type plants (Fig. 1).  
In their research, they used single-celled green algae crops (Chlorella sp.) and 
chloroplast suspensions isolated from whole leaves of superior plants (soy, tobacco, 
sunflower), which were exposed for a variable time to CO2 action. 
The first result was to obtain, shortly after exposure to light, a several 
substrates with molecules of 3, 5, 6 and 7 carbon atoms. Since the first product of 
photosynthesis was a compound consisting of 3 carbon atoms (phosphoglyceric acid), 
this cycle was called C3 or the Calvin Cycle (Fig. 2). 
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Fig. 1. C3 
(source:http://flickrhivemind.net
 
Fig. 2. The photosynthetic cycle type C
(source: http://flickrhivemind.net
 
Cytological aspects. In C3 plants, chloroplasts present in assimilating tissues 
have a typical ultrastructure, with well differentiated grana containing few starch 
granules. 
Biochemical aspects. Compared to the C
is characterized by a high level of CO2 concentration, in C
concentration at the RuDP-carboxylase level is in direct equilibrium with the external 
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atmosphere. C3 species consume less CO2 than C4. From a biochemical point of view, 
the lower efficiency of C3 species to fix atmospheric CO2 is linked to the lower affinity 
of RuDP-carboxylase to CO2. Physiological aspects. In type C3 plants, 
photorespiration is present, accounting for 20-50% of actual photosynthesis. 
Photorespiration is 3-5 times greater than respiration in the dark called mitochondrial 
respiration.  
The oxygen concentration in the atmosphere affects the intensity of CO2 
fixation in C3 species, in which the O2 concentration of 21% in nature reduces the 
apparent photosynthesis by about 40% (SĂLĂGEANU, ATANASIU, 1981). 
The transport of leaf assimilates proceeds at a slower rate than for C4 plants. 
The slower rate of transport is due to the longer carbohydrates in chloroplasts, which 
would explain the slowing of photosynthesis intensity in C3-type plants as compared to 
C4-type ones. The dorsoventral arrangement of the type C3 leaves implies more intense 
transpiration. Plants of type C3 consume a greater quantity of water to produce the 
same amount of dry matter, compared to plants of type C4. 
 
CYTOLOGICAL, BIOCHEMICAL AND PHYSIOLOGICAL ASPECTS OF 
TYPE PLANTS C4 
In 1970, following the analysis of corn and sugarcane leaves developed under 
normal light conditions and in a CO2 atmosphere, Australian physiologists Hatch and 
Slack reported that the process of fixing CO2 and the path followed by substances 
during photosynthesis divert from the biochemical mechanisms established by Calvin. 
The two physiologists note that the first stable organic product to emerge in the 
leaves is no longer phosphoglyceric acid (APG), as in the Calvin Cycle, but three 
dicarboxylic acids, each containing in its molecule four carbon atoms (oxalacetic acid, 
malic acid and aspartic acid). The plants where the first products of photosynthesis are 
composed of four carbon atoms are called C4 type plants. 
Research focused on the elucidation of the biochemical mechanisms that lead 
to the synthesis of products made of 4 carbon atoms, allowed Hatch and Slack to 
specify that two categories of photosynthetic cells present in their leaves are involved 
in the process of chlorophyll asylation of C4 plants. 
Aceste celule care diferă între ele prin organizarea lor structurală şi biochimică 
se referă la celulele mezofilului şi celulele tecii perivasculare. Acest aranjament poartă 
numele de structura foliară de tip Kranz (Fig. 3). 
These cells that differ in their structural and biochemical organization refer to 
mesophyll cells and bundle sheat cells. This arrangement is called the Kranz leaf 
structure (Photo 3). 
Cytological aspects. In C4 type plants, organelles as mitochondria, 
chloroplasts and peroxisomes in bundle sheath cells are considerably larger than those 
in mesophyll cells. Chloroplasts in mesophyll cells have a typical ultrastructure with 
well differentiated grana and few starch granules. This situation is also found in the 
case of type C3 leaves. In assimilating yeast cells, chloroplasts rich in starch may 
contain well-differentiated granas or may be completely devoid of granas (sugar cane 
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and maize). This chloroplastic dimorphism, although common, is not present in all C4 
species. 
 
Fig. 3.  Kranz type leaf structure in plants C4 
(source: http://flickrhivemind.net) 
 
Biochemical aspects. From a biochemical point of view, the higher efficiency 
of C4 species in fixing atmospheric CO2, compared to C3 type species, is explained by 
the higher affinity of PEP-carboxylase to CO2 than of the RuDP-carboxylase system. 
In addition, even PEP-carboxylase in type C4 plants has a carboxylation rate of 15 
times higher than the same system in type C3 plants (SĂLĂGEANU, 1981). 
In C4 type plants, the two carboxylation reactions are spatially separated. The 
reaction of PEP-carboxylase in mesophylic assimilating cells functions as a very 
efficient trap for fixing CO2 by the atmosphere. Thus, in the perivascular sheath the 
CO2 concentration near the RuDP-carboxylase system will increase. This high level of 
CO2 concentration is in contrast to the situation encountered in type C3 species, where 
the CO2 concentration at the RuDP-carboxylase level is in direct equilibrium with the 
external atmosphere. 
Physiological aspects. In type C4 plants the process of photorespiration is not 
observed as the released CO2 cannot leave the tissues, due to its retention in the 
cytoplasm of the mesophyllic cells that surround the perivascular tissues. 
The saturation light in C4 species is not reached even in total sunlight and 
compared to the increase in CO2 concentration in the atmosphere, these plants react 
relatively weakly. Similarly, the O2 concentration in the atmosphere does not affect the 
intensity of CO2 fixation in C4 species. 
The speed of leaf assimilation transport is higher for C4 species. It is estimated 
that the transport of leaf assimilates is three times faster at a C4 plant than at a C3 plant. 
The Kranz leaf structure of the C4 plants favors a reduction in transpiration. 
The coefficient of transpiration being lower, this means that C4 plants consume 2-3 
times less water, to produce the same amount of dry matter. 
All these physiological properties give C4 plants a higher efficiency of 
photosynthesis, 2-3 times higher than most plants, compared to their leaf surface. 
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CYTOLOGICAL, BIOCHEMICAL AND PHYSIOLOGICAL ASPECTS OF 
TYPE PLANTS CAM 
Research has indicated that, in the case of the chlorophyll assimilation of 
plants from the Crassulaceae Family, there are deviations from the photosynthetic 
fixation of CO2 characteristic to previous cycles. Due to these deviations, Crassulaceae 
species have been conventionally called CAM plants, following the initials of the 
words Crassulacean Acid Metabolism (Fig. 4). 
 
 
Fig. 4. The photosynthetic cycle type CAM 
(source: http://flickrhivemind.net) 
 
At these plants, atmospheric CO2 is fixed at night, followed by a strong 
acidification of the vacuolar juice, due to the formation of organic acids, mainly malic 
acid. 
Formed organic acids are an important carbon source. It is also observed that 
the absorption of CO2 in the dark and the production of malic acid are accompanied by 
a consumption of starch. Since the organic acids formed can only be metabolized in the 
presence of light, they leave the vacuole the next morning and pass into chloroplasts, 
where they undergo a decarboxylation process as in C4 plants. As the vacuole empties, 
the pH value increases again. 
Following the path of malic acid formed at night, it is converted the following 
day into pyruvic acid (which enters the Krebs cycle), with the release of CO2 set during 
the night, which immediately enters in the Calvin cycle, finally leading to carbohydrate 
biosynthesis, as in C4 cycle. 
The basis of the mechanisms of CO2 fixation by CAM plants is the fact that 
they are xeromorphic plants, which have the stomata of the leaves closed during the 
day and open at night, when the degradation of the starch they contain occurs, with the 
formation of PEP. In these plants, the large mesophyllic vacuoles not only serve to 
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accumulate water, but there are also important carbon reserves that allow these plants a 
temporary independence of CO2 exchange at a time when their stomata are open (at 
night). 
CAM plants grow in arid environments with stomata open at night and closed 
during the day. Closing the stomata during the day reduces water loss, which is an 
advantage for plants growing in a dry environment, but this creates an impediment to 
supply CO2 for photosynthesis. 
Therefore, plants that grow in warm regions and deserts, are adapted to these 
conditions with severe water regime and with very high external temperature. In such a 
context, the gaseous exchanges of the plant are very small, and their essential feature is 
related to drought resistance, through the ability to retain water in cells, by closing the 
stomata by day and by opening them at night. 
Cytological aspects. No cellular or chloroplastic dimorphism was found in 
CAM plants. The number of chloroplasts is higher in the peripheral cells of the leaves 
of these plants, compared to those from the center of the leaf. In addition, starch-
containing cells were found near these conductive bundles. 
Biochemical aspects. Biochemical reactions at these plants are temporally 
separated (day and night) and are carried out in the same cells, compared to the 
situation of C4 type plants, where the reactions are spatially separated and taking place 
also in different cells. The acid metabolism of the crasulaceae is influenced to a certain 
extent, by the age of the leaves, the photoperiod and by the presence of NaCl in the 
environment, an aspect observed also in the C4 type plants. 
Physiological aspects. The intensity of transpiration in CAM plants is twice as 
low as in C4 and four times lower than in C3. 
The fleshy texture of the leaves promotes water retention in tissues and reduces 
the speed of gas exchange. The separation in time between the nocturnal period, which 
favors the intense absorption of CO2 and that of the day, when the reducing power of 
CO2 takes place, contributes to the reduction of photosynthetic efficiency, which 
allows these plants to survive in the drought conditions of the environment in which 
they live. . 
The photosynthetic efficiency of CAM plants is the lowest, compared to that of C3 and 
C4 plants. As for photorespiration, it is present in CAM plants, but it is very difficult to 
highlight. 
 
CONCLUSIONS 
 
Photosynthesis is the most important physiological process by which green 
plants prepare from very simple and universally distributed molecules (water, CO2 and 
mineral salts), a diverse range of organic substances, in the presence of light and 
chlorophyll, releasing oxygen; 
Compared to plants of type C4 in which the leaf tissue has a complex structure, 
in plants of type C3 there is no foliar differentiation, they resembling from this point of 
view the plants of type CAM; 
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The dorso-ventral arrangement of the type C3 leaves implies more intense 
transpiration. Plants of type C3 consume a greater quantity of water to produce the 
same amount of dry matter, compared to plants of type C4. The intensity of the 
photosynthetic process in C3 plants is: 15-35 mg CO2 / dm2 leaf / hour; 
Kranz structure of type C4 plants favors a reduction of transpiration. The 
coefficient of transpiration being lower, this means that C4 type plants consume 2-3 
times less water, to produce the same amount of dry matter; 
All physiological properties give C4 plants a higher efficiency of 
photosynthesis, 2-3 times higher than most plants, compared to the leaf surface (40-80 
mg CO2 / dm2 leaf / hour); 
The basis of the mechanisms of CO2 fixation by CAM plants is that they are 
xeromorphic plants, which have the stomata of the leaves closed during the day and 
open at night, when the starch degradation that they contain also takes place; 
Large mesophyllic vacuoles of CAM-type plants not only serve to accumulate 
water, but there are also important carbon reserves that allow these plants a temporary 
independence of CO2 exchange at a time when their stomata are open, respectively at 
night; 
The separation in time between the nocturnal period, which favors the intense 
absorption of CO2 and the one during the day, contributes to the reduction of 
photosynthetic efficiency, which allows these plants to survive in drought conditions in 
the environment in which they live. The photosynthetic efficiency of CAM plants is the 
lowest, compared to that of C3 and C4 plants (5-7 mg CO2 / dm2 leaf / hour). 
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